Abstract. Nowadays, excessive growth intermetallic formation becomes the major issue in electronic packaging industry. The investigation on the effect of aging temperature to the intermetallic compound (IMCs) growth formation for Sn-0.7Cu/1.0-Si3N4 was studied. Isothermal aging process was carried out for 24 hours, with 5 difference aging temperature from 50°C up to 150°C. It is found that the Cu-Sn IMCs which appear after reflowed process, has grew rapidly when aging temperature was increased up to 125°C and started to reduced after 150°C aging temperature.
Introduction
In electronic packaging, one of the decisive factors of the successful soldering is the formation of intermetallic compound (IMC) between the solder and the substrate [1, 5] . However, rapid growth of Cu-Sn IMCs at the Sn-based solder and Cu interface become major issue in electronic packaging due to its vital affect to the reliability of solder joint [1] . A layer of Cu-Sn IMCs formed when molten solder contact to the Cu substrate which consist Cu 6 Sn 5 adjacent to bulk solder and Cu 3 Sn between Cu substrate and Cu 6 Sn 5 layer [1] [2] [3] [4] [5] . Yao et. al has stated that the technique to improve the performance of solder interconnections is to use composite solder with consist of appropriate reinforcements and solder matrix [7] .
For this research, we studied the growth of intermetallic compound (IMCs) for composite solder Sn-0.7Cu/Si 3 N 4 and Cu substrate connection due to aging process. A new lead-free composite solder of Sn-0.7Cu/1.0-Si 3 N 4 was chosen in this study because of its good in mechanical properties and give better joining properties compared to other solders [2] . Nevertheless, the investigation of solid-state interfacial IMC formation and mechanical properties of lead-free composite solder remains insufficient for electronic packaging industries [7] .
Experimental procedures
The composition of the composite solder used in this study was Sn-0.7Cu-1.0Si 3 N 4 fabricated in solder disc with 12mm diameter. The Cu substrate was FR4 printed circuit board with 38µm Cu thickness and 15mm x 15mm size in area. The solder and substrate were bonded in a reflow oven by using paste flux in a reflow oven (F4N) with maximum temperature of 260°C for 30s. After the reflow process, the samples were cooled to room temperature.
The reflowed samples were then aged in an oven at 50°C, 75°C, 100°C, 125°C and 150°C for 24H of durations. The temperatures in an oven were controlled with an accuracy of ±2°C. To investigate the interfacial reactions of solder joints, the samples were removed from oven and then cooled in air. The samples were cross-sectioned, polished and etched for microstructural observation. The analysis for IMC formation at the Cu-substrate was carried out by using optical microscope (OM) image. The IMC thicknesses measurement was made by using Image-J analyzer software.
Results and discussion
The reflowed solder were aged in oven for 24Hrs durations at 50°C, 75°C, 100°C, 125°C and 150°C and the average thickness of Cu-Sn intermetallic compounds (IMCs) appeared was shown in Table 1 and graphically analyzed in Figure 2 . Optical analysis image of same magnification (500X) for solder/Cu interface after aging process are presented in Figs. 2. The average thickness of IMCs layer fairly nearly increases with aging temperature for 50°C until 100°C and attains peak thickness about 2.50µm as shown in Fig.1 . After aging at 125°C the IMC layer thickness was rapidly grown until reached 3.70µm in its thickness.
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This phenomenon is also similar with other researchers findings such as from Zou et. al. They stated that growth formation of IMCs proportionally enhance with increasing of temperature and time [4] . In this observation, it shows that the increasing of aging temperature has catalyzed the formation of IMCs.
Fig. 2 : Graph of average thickness of Cu-Sn IMCs formation
For aging temperature of 150°C, the growth of IMCs is expected would be rapidly increased than aging temperature of 125°C, however, the thickness of IMC formation drop slightly from 3.70µm to attain 2.95µm after aged at 150°C. According to this result, for aging temperature 50°C to 125°C the coarsening IMC phases process and the grew of IMCs becomes rapid because of energy supply from heat [5] . From microstructural observation in Fig.1 , the shape of IMCs are scallop type for 50°C to 125°C but planar type for 150°C aging temperature. The scallop type phase at 125°C has changed to planar type at 150° due to IMC spalling process. This phenomenon is believed to be the key factors for the decreasing of IMC thickness at 150°C of aging temperature. In this study, the presence of 1.0wt.% of Si 3 N 4 in the Sn-0.7Cu has retarded the growth formation of IMCs during aging process and is believed may gives better joining properties of Sn-0.7Cu and Cu substrate [2] . The existence of Si 3 N 4 in monolithic particles in solder bulk may block the excessive diffusion of Cu and Sn from react each other [2] . Excessive growth of IMCs will deteriorated the strength and reliability of Cu-Sn joining by increasing of brittleness its joint [1] [2] [3] [4] [5] [6] .
Conclusion
From this study, the formation of Cu-Sn intermetallic layer on Cu substrate was studied by using Sn-0.7Cu/1.0Si 3 N 4 composite solder. Under solid-state aging condition in different temperature, the thickness of IMCs growth rapidly for aged temperature from 50°C until 125°C. The 150°C of aging temperature is believed has suppressed the growth formation of IMC thickness. 
